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SUMMARY 

A s e r i e s  of s t a t i c  loads were applied t o  one end frame and one 
balance longeron of t he  launcher, and f i f t y  cycles of a l t e r n a t e l y  appl ied 
loads were made t o  both end frames. The f i rs t  category of loads w a s  used 
t o  check s t r e s s e s  and design, whereas t h e  secord w a s  used t o  study t h e  
e f f e c t  of r e p e t i t i v e  loading on cracks t h a t  were known t o  e x i s t .  Most 
of t h e  weld areas had acceptable s t r e s s  l eve l s .  h a l l  a reas  with l o c a l  
high s t r e s s e s  could be g e a t l y  improved with a minor amount of rework on 
some d e t a i l s  with one exkeption; the welds that secure t h e  holddown r e -  
lease  cyl inder  blocks t o  the  end frame a r e  highly s t r e s sed  t o  t h e  point  
of y i e ld .  The o v e r a l l  design is  adequate, and niember s i z e s  are satis-  
factory.  The cyc l i c  loading did not produce any d iscern ib le  de le te r ious  
e f f e c t s  . 

INTRODUCTION 

I n  t h e  spr ing  of 1963, it became evident t h a t  some means should be 
developed t o  evaluate  t h e  s t r u c t m a l  adequacy of t he  research and devel- 
opment launchers used i n  the  Atlas-Centaw program. These launchers were 
designed, developed, and fabricated a t  t h e  beginning of t h e  research and 
development phase of the  Atlas progrm, blJt they  were not designed f o r  a 
long-range operat ing program. 
lax.  
t he  weld areas .  It -ms slscl noted t h a t  these  cracks were present i n  no 
p a r t i c u l a r  pa t t e rn  but were randomly located.  

Quality-control prac t ices  f o r  welding were 
The r e s u l t s  of a survey indicated t h a t  severa l  cracks ex is ted  i n  

The launcher,  as used i n  t h e  Atlas-Centaur program, must support 
more g rav i ty  load and have more wind-exposure a rea  t o  cause grea te r  over- 
tu rn ing  moment than t h a t  f o r  which it w a s  designed. These e f f e c t s  com- 
bined t o  r e s t r i c t  ground winds at  launch time t o  such a l o w  value as t o  
endanger conceivably t h e  launch probabi l i ty  for short-time windows. The 
t e s t i n g  method should be adaptable t o  opera t iona l  launchers and thus  ob- 
v i a t e  t he  need f o r  removal of the  launcher f rom t h e  s i t e ,  which minimizes 
cos t  and l o s s  of  time. The data gathered from t h e  s t a t i c  load tes t  i n  
conjunction with information from a separate  t es t ,  which monitors noment 
as a funct ion of wind, should provide j u s t i f i c a t i o n  f o r  improving t h i s  
launch condition. A launcher was assembled a t  Lewis Research Center f o r  
t h e  t es t ,  u t i l i z i n g  a load-f ixture  design t h a t  had been made f o r  t he  
U. S .  A i r  Force. 
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DESCRIFTION OF LA-VNCHIB 

S t ruc tu ra l ly  speaking, t he  launcher could be thought of as an 
adapter t ha t  provides a means of supporting and t r ans fe r r ing  vehicular  
loads t o  the  concrete foundation. The launcher used i n  t h i s  tes t  w a s  an 
A t l a s  research and development type,  as  shown i n  f igu re  1. 

por t s  (spool  p ieces) ,  has a t r ipod  frame mounted on each corner. 
of these  t r i p o d  frames, on each end of t h e  main frame (here inaf te r  r e f e r -  
red  t o  as an end frame), forms a stanchion a t  each end, on which each arm 
of the  support arm and mechanism assembly i s  mounted. A l l  these  compor 
nents a r e  fabr ica ted  of heavy w a l l  low-carbon steel  pipe and p l a t e .  
support p l a t e  and mechanism assemblies cons is t  of two wishbone shaped 
housings constructed of heavy welded s t e e l  p l a t e .  Missi le  holddown p in  
and pin-actuat ing mechanisms are contained i n  each of these housings. 
holddown and re lease  cyl inder  connects t h e  bottom of each support arm 
and mechanism assembly t o  the  middle o f  t he  t r ipods  of each 3-shaped 
s t ruc tu re .  
vented a t  launch. 

The main 
, rectangular  frame, composed of two U-shaped and two tubular  center  sup- 

A pa i r  

The 

l A 

The cyl inders  a r e  pressurized t o  s t a b i l i z e  the miss i le  but a r e  

A hinged a u x i l i a r y  support is  mounted on each s ide  of t h e  main rec-  
tangular  frame that serves t o  balance t h e  erected missile. 
support cons is t s  of a t r ipod ,  a v e r t i c a l  support pin,  and an ac tua t ing  
cylinder.  
a u x i l i a r y  supports and a r e  interconnected and pressurized t o  provide t h e  
mis s i l e - s t ab i l i z ing  system. A t  Uunch, these  a u x i l i a r y  supports a r e  
pneumatically pivoted outward t o  c lear  t he  r i s i n g  vehicle .  

Each aux i l i a ry  

The v e r t i c a l  support pins  are mounted a t  t h e  apexes of the  

PURPOSE OF TEST 

Tests were conducted on t h i s  launcher t o  e s t a b l i s h  a l e v e l  of con- 
f idence i n  i t s  s t r u c t u r a l  function. Special  a t t e n t i o n  was  given t o  the  
following areas:  

(1) Behavior of t h e  existing cracks i n  the  t e s t  a r t i c l e  

( 2 )  S t r e s s  measurements i n  ce r t a in  areas corresponding w i t h  load 
app l i  c a t  ion 

(3) Need f o r  and the p r a c t i c a b i l i t y  of devising a method t o  r e -  
inforce weak poin ts  of the  s t r u c t u r a l  frame 

TESTS AND AFTLICATIOI'J DEFINED-, 

The philosophy adopted i n  these t e s t s  has been that of a gross  
approach r a t h e r  than t h a t  of precise procedures and exact valxes.  Thus, 
i n f o r m t i o n  of a general  nature should be sought and areas  of var ia t ion ,  
which a r e  inherent i n  these launcher s t ruc tu res ,  avoided, Therefore, 
it was deemed admissible t h a t  t h e  t e s t  (always v e r t i c a l )  loads should not 
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simulate operat ing loads exac t ly ,  that da t a  should not be corrected f o r  
every known variance,  and t h a t  conclusions could be made t h a t  would be 
of a more general  nature and thereby have more app l i cab i l i t y .  

Proof Loading One End Bane (Quadrants I and N) 

A photoelast ic  coating ma te r i a l  was appl ied t o  the  major load- 
carrying weld areas i n  quadrant I (see t a b l e  I).  
were appl ied t o  c e r t a i n  members i n  t h i s  quadrant, as shown i n  f igu re  2. 

Twelve s t r a i n  gages 

Proof Loading One Auxiliary Frame (Quadrants I11 and I V )  

A photoe5astic coating ma te r i a l  w a s  appl ied t o  the  c r i t i c a l  load- 
carrying welds on t h e  balance longeron frame ( f i g .  1 7 ) .  S t r a in  gages 
were not used on t h i s  p a r t  of %he s t ruc ture .  The f r&?e  had only one 
load appl ied,  namely 1 2 8  kips .  

Cyclic Loading o f  Each End fiame 

The same photoe las t ic  coating material r e fe r r ed  t o  i n  t h e  preceding 
tes t  vas used i n  thks t e s t  i n  a v isua l -qua l i ta t ive  sense ( t a b l e  11) by 
using polarized l i g h t  t o  determine whether e x i s t i n g  cracks grew or if  
new ones appeared. S t r a i n  gages were not; used. When the  t es t  w a s  run 
on the  opposite end frame (quadrants I1 and III), dye-penetrant app l i -  
ca t ions  were made before and after the load appl icat ions.  

Mater,ial Wopert ies  

Small areas of base and weld metal were ground and polished so t h a t  
hardness tests could be made t o  evaluate some mater ia l  p roper t ies .  

The launcher was assembled and supported on heavy timber blocking 
located as close ttb poas:ble t o  +.he launcher z-axis supports,  Only one 
holddown head was i n s t a l l e d  using a s t a t i c  l i n k  t o  support ii, Thc tes+ 
f i x t u r e  was at tached t o  the  launcher frame by using the  z-axis support 
r i ngs .  The source of loading f o r  these t e s t s  w a s  a 300-ton double-acting 
hydraulic cyl inder .  A spec ia l  adapter ( f i g .  7 )  was made t o  engage t h e  
loading cyl inder  p i s ton  rod with the vehicle  holddown pin.  The base of 
t he  load cyl inder  was fastened t o  the  top  of  t he  t e s t  fixture, as shown 
i n  f i g u r e s  7 and 8. 

Scales were arranged t o  measme %he change ir t h e  hor izonta l  d i s -  
tances  between center l ines  of t h e  20-inch-diw-eter pipe and i n  the  
v e r t i c a l  d i s tances  between the  horizontal  cen ter l ine  of t h e  20-inch- 
diameter pipe and t h e  main support pin.  These readings were made before 
and a f t e r  t h e  r e l ease  of every load t o  check on any general  y ie ld ing  con- 
d i t i o n .  (See f i g .  9 f o r  t y p i c a l  arrangement,) 
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Two loading f ix tWes  ‘were used i n  t h i s  
‘ t h e  launcher. A n  add i t iona l  frame, l ike  an  

t h e  t o p  of t h e  two loading f i x t u r e s  located 
longeron pins  t o  apply load t o  the  longeron 

tes t ,  one a t  e i t h e r  end of  
inver ted’u ,  was fastened t o  
v e r t i c a l l y  over the  balance 
frames, as shown i n  f igu re  10. 

The -hydraulic jack-was then  mounted on-the bo+,tom s ide  of t h e  overhead 
bean. 
t h e  pin. .  The balance longeron pins  are normally supported by a hydraulic- 
pneumatic system, which was not used i n  t h i s  t e s t .  
l i n k  w a s  used f o r  support. 
not prove the  hydraulic-pneumatic system, r a the r  it was  a s t r u c t u r a l  t e s t  
f o r  t h e  longeron frame. 

A spec ia l  adapter was used t o  transmit t h e  downward load only t o  

Instead,  a s t a t i c  
The load applied t o  t h e  p in  i n  t h i s  t e s t  d id  

One of the  purposes of t h i s  program was t o  a sce r t a in  some knowledge of 
t h e  load-s t ress  r e l a t i o n  because design ca lcu la t ions  were not ava i lab le .  
To pursue t h i s  a i m  within t h e  l e v e l  of accuracy &s previously defined, 
twelve s t r a i n  gages were i n s t a l l e d ,  i n  p a i r s  of two, i n  s i x  a reas  on t h e  
members i n  quadrant I. A l l  t h e  gages were i n s t a l l e d  on parent metal  and 
a t  s u f f i c i e n t  dis tance from connections t o  be free of l o c a l  and discon- 
t i n u i t y  s t r e s ses .  Each gage of each p a i r  was located d iamet r ica l ly  op- 
pos i t e  t h e  o ther  and a t  t h e  same s ta t ion .  Each was oriented t o  measure 
s t r a i n  p a r a l l e l  with t h e  members, data col lec ted  from each p a i r  could be 
converted i n t o  t o t a l  d i r e c t  load and bending moment f o r  t h e  member .  The 
diameter on which the  gages were located w a s  chosen a r b i t r a r i l y  t o  a 
degree, but by using Judgement and knowledge of t h e  an t ic ipa ted  bending 
a c t i o n  of t he  appl ied loads,  it i s  believed t h a t  t h e  plane of maximum 
moment w a s  qu i te  c lose ly  ascertained. 

A t e n t  w a s  s e t  up over quadrants I and I V  of t h e  launcher t o  mini- 
mize temperature changes t h a t  might be caused by c l imat ic  conditions 
during any p a r t i c u l a r  t e s t .  A photoelast ic  coat ing w a s  used t o  f a c i l -  
i ta te  t h e  evaluat ion of s t r e s s e s ,  and even y ie ld ,  i n  t h e  weld areas  due 
t o  t h e  applied loads.  P r i o r  t o  coating, a l l  a reas  were sandblasted t o  
remove paint  and other  fore ign  mater ia ls .  
t h e  surface forming technique described i n  t h e  appendix. 

The coat ing was  applied by 

The major load-carrying welds i n  quadrants I1 and I11 were sarid- 
b l a s t ed  i n  preparat ion f o r  dye-penetrant inspect ion f o r  t h e  load cycle 
tests. 
cycle t es t ,  but cracks t h a t  were known t o  e x i s t  from p r i o r  inspection 
were i d e n t i f i e d  by prick-punch marks before t h e  loading began. After 
t h e  appl ica t ion  of a s e r i e s  of cycl ic  loads,  t he  cracks were examined 
f o r  growth by a dye-penetrant inspection conducted i n  accordance with 
MIL-1-6866. 
after t e s t i n g  f o r  t he  purpose of comparison. 

The dye penetrant w a s  not used i n  quadrants I and IV for t h e  load 

The phbtogsFphs i n  f igure 11 show t y p i c a l  a reas  before and 

Small spots  i n  the  weld and parent metal a reas  were ground and 
pol ished so  t h a t  BHN could be obtained. A portable  Telebr ine l le r  w a s  
used t o  secure these  data. Figure 1 2  shows the  t e s t  locat ions on t h e  
launcher and t h e  r e s u l t i n g  ultimate t e n s i l e  s t r e s s e s  a t  t h e  correspond- 
ing  points .  



Proof Loading One End E r n e  

Table I11 presents the  reduction o f  the  stress data indicated by 
t h e  s t r a i n  gages i n  the proof loading t e s t s .  The applied loads ranged 
from 20 k ips  l e s s  than t h e  maximum normal an t ic ipa ted  vehicle load t o  
1.5 times grea te r ,  with abort  conditions neglected. The data  a r e  
p lo t ted  i n  f igure  13. An examination of the  curves shows t h a t  none of 
t h e  s t r a i n  gages recorded a y ie ld  stress, and only one located a s t r e s s  
above t h e  normally accepted design value. None of t h e  curves has a uni- 
form s t ress - load  r e l a t i o n ,  which indicates  t h a t  the  s t r u c t u r e  is  not a 
so-called simple s t ruc ture ,  but a redJndar;t s t ruc ture .  A11 t h e  gages 
except four  showed a decreasing slope with increasing load, indicat ing 
t h a t ,  with increasing load and def lect ion,  other  members a r e  p a r t i c i p a t -  
ing i n  reac t ing  t h e  load as these four C U T V ~ S  appear t o  do. The s t r e s s  
measured by these four  gages w a s  low f o r  the  applied loads. The slope 
i s  such a t  t h e  high-load end as t o  indicate  t h a t  acceptable s t r e s s  values 
w i l l  p r e v a i l  f o r  any reasonable load appl icat ion.  This phenomenon should 
mean t h a t  the  s t ruc ture  w i l l  support more load than the  design spec i f ies ,  
i f  good j o i n t s  are assumed. 

Table I presents data gathered froK the  photoelast ic  coating i n  t h e  
proof loading t e s t s  on one end frame. The locat ion of the  points  shown 
i n  t h e  t a b l e  may be found by t h e  following method: 

Area 1: pos i t ion  3 is  designated as point 13. 

Area 6: pos i t ion  11 i s  designated as point 6-11. 

The average thickness of a l l  photoelastic sheets was  0.105 inch a f t e r  
forming and s e t t i n g ,  with a var ia t ion  of +_0.005 inch. Taking i n t o  ac- 
count t h e  s t r a i n - o p t i c a l  s e n s i t i v i t y  of PL-1 p l a s t i c ,  K = 0.10, gives 
t h e  f r i n g e  value f (difference of pr inc ipa l  s t r a i n s  a f f e c t i n g  one f r i n g e ) :  

11.35 
t K  

F=- 

= 1080 $n. /in. /fringe 

The s e n s i t i v i t y  of measurement of the analyzer is  1/50 t o  1/50 of a 
f r i n g e  i n  f i e l d  t e s t i n g .  Measurements on p l a s t i c ,  f = 1080, could there-  
f o r e  y ie ld  a s t r a i n  s e n s i t i v i t y  of A t  
every load, measurements o f  s t resses  were m d e  a t  s igni f icark  points.  
After unloading, the  areas were observed t o  detect  r e s i d u a l  deformation. 
Figures 1 4  t o  '17 i l l u s t r a t e  t h e  coating appl icat ion and show the  loca t ion  
of points .  

+30 micron inches per inch, 
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General observations of the photoelastic coating during t h e  load 
appl icat ions and an  axamination of t h e  recorded data a r e  as follows 
(unless otherwise noted the d i r e c t i o n  of  p r i n c i p a l  s t r e s s  i s  perpendic- 
u l a r  t o  weld l i n e )  : 

Area 1. - The maximum s t r e s s  l e v e l  w a s  noted a t  point 14  i n  t h e  f i l -  
l e t  by t h e  weld. The gradient was  very high, and within a dis tance of 
1 /2  inch, t h e  s t r e s s  decayed t o  one-third of t h e  maximum s t r e s s .  
stress i n  weld i s  smaller on the  f ront  than  on the  back, and t h e  gradient 
is  f latter.  

The 

Area 2. - The s t r e s s  l e v e l  i n  t h i s  a rea  remained low f o r  a l l  loads. 

Area 3. - Only three  points  i n  t h i s  a rea  indicated a high s t r e s s  
leve l ;  points  31, 33, and 34. The highest s t r e s s  was observed a t  point 33, 
where t h e  apex of t h e  M-shaped p l a t e  i s  welded t o  the v e r t i c a l  tubular  
member. The remainder of t h i s  area (point 35) and the  s imilar  a r e a  on 
the  back exhibited a very low stress l e v e l ,  

Area 4. - The s t r e s s  on t h e  f ront  was  low except a t  the  end of t h e  
weld where a l o c a l  concentration w a s  observed. The stress on t h e  back 
was high and uniform from point 47 t o  46 and then decreased rapidly.  

Area'5. - The stress i n  t h i s  area d id  not exceed 25 000 pounds per 
square inch f o r  t h e  l a r g e s t  load. 

Area 6. - Unlike any other areas, s t r e s s e s  were high i n  a l l  welds 
t h a t  were more or l e s s  p a r a l l e l  w i t h  t h e  diagorial tubular  member above 
it. A stress concentration w a s  observed a t  point 6-11 as a result of 
t h e  s t i f f e n i n g  e f f e c t  and discont inui ty  of a pad welded t o  t h e  horizontal  
tubular  member. 

Area 7. - The maximum s t r e s s  was measured a t  a point located approx- 
imately i n  t h e  plane of symmetry of t h e  in te rsec t ion ,  and t h e  d i r e c t i o n  
of t h e  p r i n c i p a l  stress KS.S 4 8 O  t~ the v e r t i c a l  plane. 

Area 8. - Two points  of high s t r e s s  w e r e  Toted, s i m i l a r  t o  area 3 
on t h e  f r o n t .  Point 82 i s  i n  t h e  weld a t  t h e  apex of the  M-shaped p l a t e  
t h a t  secures it t o  the  v e r t i c a l  tabvclar member. Point, 8 1  appears t o  'be 
the  most c r i t i c a l  of a l l  areas analyzed. High res idua l  deformation was 
observed a t  t h i s  point even f o r  reversed loads; t h i s  deformation w a s  
f irst  observed f o r  the  186-kdp load. 

Note t h a t  unless otherwise s ta ted ,  t h e  pr inc ipa l  s t r e s s e s  were a l -  
ways perpendicular t o  t h e  weld l ine.  Points 43, 47,  61, 65, 67, 6-10, 
and 81 a r e  located on edges s o  t h a t  t h e  difference of p r i n c i p a l  s t r e s s e s  
i s  equal t o  t h e  maximum stress tangent t o  t h e  edge. 
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. , Proof Loading One Auxiliary Frame 

One 128-kip down load w a s  applied t o  t h e  balance longeron frame t o  
check i t s  s t r u c t u r a l  i n t eg r i ty .  Photoelastic material was appl ied t o  
the  j o i n t  a rea  a t  the apex of t he  frame. 
i l i a r y  frame indicated t h e  c r i t i c a l  area ( s t r u c t u r a l l y  speaking) t o  be 
i n  t h e  v i c i n i t y  where the  aux i l i a ry  pin load i s  t ransmit ted t o  the  s t ruc -  
ural frame, bearing values,  welds i n  shear, e t c .  

A cursory ana lys i s  of t h e  aux- 

Some yielding was detected i n  the p l a t e s  below the  p in  t h a t  engages 
t h e  lower end of t h e  a u x i l i a r y  pneumatic balance cyl inder .  This is a 
bearing stress, and the  i n s t a b i l i t y  of t h e  a rea  is  not a consideration. 
Because t h e  tes t  load w a s  170 percent greater than  present  requirements 
and 33 percent grea te r  than any contemplated load, t h i s  does not have any 
pa r t i cu la r  s ignif icance.  Again, t h e  x-direct ion i s  perpendicular t o  the  
weld. To obtain t h e  difference of p r inc ipa l  stresses ox - cr mult iply Y’ 
t he  difference i n  p r inc ipa l  s t r a i n s  cX - E by ~ / ( l  f p )  = 2 3 ~ 1 0 ~ .  
Since t h e  s t r a i n s  a r e  expressed i n  p-inch per inch, it i s  su f f i c i en t  
t o  mult iply the  numbers i n  the  t a b l e  by 23, t h a t  is ,  f o r  those i n  t h e  
e l a s t i c  range. 

Y 

Cyclic Loading of Each End Frame 

During t h e  first cycl ing t e s t ,  the  s t r e s s  pa t t e rns  i n  the  photo- 
e l a s t i c  coat ing ma te r i a l  were cont inual ly  observed t o  discern any change. 
There was no change. This material was known t o  cover two o r i g i n a l  
cracks. S t r e s s  pa t t e rns  were evident about t he  cracks,  but f o r  t he  en- 
t i r e  t es t ,  t h e  change i n  t h i s  pa t te rn  w a s  imperceptible. The loads ap- 
p l i ed  t o  t h e  second end frame were about 10 percent grea te r  than those 
i n  t h e  first cycle t e s t .  These loads were increased because of t h e  
favorable results of t h e  first test .  This appeared t o  be a safe  increase 
r e l a t i v e  t o  t h e  s t rength  of t he  launcher, yet  greater than the  Rormal 
operat ing loads,  thereby r a i s i n g  the l e v e l  of confidence i n  t h e  launcher 
if  the ni-i.tcome of t he  second t e s t  was favorable.  The ends of two cracks,  
about 4 inches long and r e a d i l y  seen w i t h  the n&ed eypi  were pr ick-  
punched before t h e  t es t  began. 
penetrant.  Any growth t h a t  may have occurred during $be loadings w a s  
not d i scern ib le  by t h i s  method. 

The ends were determined by the  dye 

Material  Propert ies  

The poin ts  f o r  t h i s  t e s t  were se lec ted  a t  raxdom. N o  efforf ,  w a s  
made t o  obta in  comparative data  i n  t h e  parent metal  and adjacent weld 
metal ,  but  t o  discern if the  e f fec t  of work hardening could be observed. 
This t e s t  was t h e  last i n  t h e  sequence, t h a t  is, a f t e r  a l l  loading w a s  
completed. The values i n  f igu re  11 appear f a i r l y  cons is ten t ,  but a r e  
genera l ly  higher than expected; however, t h i s  i s  net  necessar i ly  an in -  
d i ca t ion  of s t r a i n  hardening because it is  known t h a t  some of t he  points  
(e .g . ,  411 and 911) a re  i n  low-stress areas. 



Specif icat ion values: a l l  pipe mater ia l  i s  ASTM-A53-47, Grd. B; 
t h e  ultimate stress is  60 k s i ,  and the t e n s i l e  y i e ld  stress i s  35 k s i .  
A l l  p l a t e  ma te r i a l  i s  AISI 1010 or 1020, t h e  ul t imate  s t r e s s  i s  55 k s i ,  
t h e  t ens i l e  y i e ld  s t r e s s  i s  36 k s i ,  and the  ul t imate  bearing stress 
is  90 k s i .  
stress, 32.2 k s i ,  and shearing s t r e s s ,  20.2 k s i  ( r e f .  1). The weld 
design allowables f o r  AISI 1010-1020 s t e e l s  a r e  t e n s i l e  stress, 
18.4 k s i ,  and shearing stress, 11.5 p s i  (ref.  1). 

The weld design allowables f o r  ASTM materials are t e n s i l e  

DISCUSSION OF RESULTS 

It i s  apparent t h a t  t h i s  s e r i e s  o f  loads indicated t h a t  t he  launcher 
design is  adequate; however, it is  recognized t h a t  t h i s  loading does not 
completely simulate loads of every design condition. When t h e  e f f e c t  of 
these  unaccounted f o r  loads i s  compared with t h a t  of t h e  applied loads, 
t he  r e s u l t i n g  maximum stress is never s i g n i f i c a n t l y  increased because 

(1) The unaccounted f o r  loads are comparatively s m a l l  

( 2 )  The s t r e s s e s  r e s u l t i n g  therefrom a r e  not always addi t ive  

(3) "he loca t ion  of t h e  maximum s t r e s s e s  r e s u l t i n g  from the  un- 
, jl accounted f o r  loads seldom, if ever,  corresponds with the  

loca t ion  o f  maximum s t r e s ses  f o r  t h e  appl ied loads 

The foregoing conclusions have been reached, however, contingent on a 
dec is ion  not t o  consider an "abort" as a worthy loading condition because 
of i t s  improbable occurrence. 
s t r e s s e s ,  i n  f a c t  yielding i n  some p a r t s  of t h e  welds. The high s t r e s s e s  
and y ie ld ing  were of a loca l ized  nature, w i t h  only one exception t h a t  w i l l  
be t r e a t e d  later i n  t h i s  repor t .  Only a small por t ion  of a t o t a l  j o i n t  
weld, about 5 t o  10 percent,  would be highly s t r e s sed  o r  even yielding. 
The remaining por t ion  would not indicate  any d i s t r e s s  a t  a l l .  The photo- 
e l a s t i c  ma te r i a l  indicated t h i s  s t r e s s  variation. very well .  These stress 
concentratious %re caused by several  conditions ,, nmely ,  

This s e r i e s  of loads d id  produce high 

(1) Welds have t o  work ( i . e . ,  ca r ry  load)  i n  a disadvantageous man- 
ner ( root  opening too  la rge)  

( 2 )  Sharp acute  angles at the  j o i n t  between p a r t s  of one member and 
p a r t s  of another member 

(3) Relat ion of load-carrying capab i l i t y  f ea tu res  of the  s t r u c t u r a l  
members as they meet at a j o i n t ,  t h a t  i s ,  if r i g i d  (high-load- 
carrying a b i l i t y )  portions of one member mate a t  a j o i n t  with 
similar f ea tu res  i n  another member, a region of high s t r e s s  
occurs 
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* The provisions that were made t o  indicate  changes i n  two major  dimensions 
on the  launcher ( see  f i g .  9 )  d id  not reveal  any readable changes. 
is  therefore  concluded that the  loading d id  not cause any member failure 
o r  general  yielding. 

It 

Good welds i n  the  s t ruc tu re  do not need modification or redesign 
for t he  present launch conditions; however, the  launcher load-carrying 
capab i l i t y  w i l l  be improved by and i n  the order of each of t h e  following 
degrees of modification: 

(1) Some of t h e  weld ma te r i a l  should be d r i l l e d  and ground away 
where high s t r e s s e s  occur because of improper weldment r e l a t i o n s .  

( 2 )  I n  addi t ion  t o  (l), other  areas can be improved by t h e  in se r t ion  
of appropriately shaped gussets t o  t r ans fe r  load more e f f e c t i v e l y  from 
one member t o  another.  

(3) I n  addi t ion  t o  (1) and (2 ) ,  t h e  launcher should be disassembled 
so that  access w i l l  be provided t o  weld-in some i n t e r n a l  diaphragms a t  
c e r t a i n  c r i t i c a l  a reas  i n  the  horizontal  20-inch-diameter pipe frame. 

( 4 )  It is  believed that i f  it i s  found desirable  t o  replace t h e  
4130 blocks on any launcher, it i s  pract icable  and f e a s i b l e  t o  do so. 
An i n t e g r a l  forging seems t o  o f f e r  merit.  S t ruc tu ra l  welds i n  the  frame 
that may be cracked can be replaced by a sk ip  burn-gouge and reweld pro- 
cedure. The j o i n t  w i l l  remain in t ac t ,  but t h e  o l d  weld can be e n t i r e l y  
replaced without disassembly of t h e  j o i n t  or ser ious misalinements. 

The question a r i s e s  about the i n t e g r i t y  of launchers tha t  may have 
undetectable f l a w s  i n  some weld areas.  The defects  that cause the problem 
are cracks from the  back, s l a g  inclusionsJ improper pene t ra t ion  and poor 
adhesion, of: t%e weld ma te r i a l  i n  the f i r s t  pass,  cold l a p s ,  e t c .  These 
de fec t s  c rea te  the  environment f o r  the  problem of crack propagation due 
t o  the notchksensi t ivi ty  e f fec t .  However, i n  reviewing f a c t o r s  that 
influence notch seiISltfvit>r, it. i s  noted that  severa l  conditions a r e  
favorable i n  th i s  instance khat minimize t h e i r  e f f e c t s :  

(1) The base mater ia l  and t h e  weld metal  i n  these launchers would 
genera l ly  be c l a s s i f i e d  as d u c t i l e  r a the r  than b r i t t l e .  A f a i l u r e  i n  
d u c t i l e  ma te r i a l  caused by slowly applied loads is  usua l ly  accompanied by 
y ie ld ing  r a the r  than a b r i t t l e  failure. 

( 2 )  S t ress  r e l i ev ing  of t he  launcher frames would avoid the  addi t ion  
of r e s i d u a l  s t r e s s e s  t o  those caused by any s t r e s s  r iser condition. 

(3) The magnitude of downward loads on t h e  launcher i s  grea te r  by a 
r a t i o  of 2 than the upward load. Correspondingly, t he  s t r e s s e s  a r i s i n g  
from these  loads have opposite s i g n s  and the  same r a t i o  of  magnitude. 
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'There i s  considerable evidence 
stress concentration i n  such a 
only with the  magnitude of the 
cycle and not with the  maximum 

indicating t h a b , t h e  damaging e f f e c t  of a 
repeated cycle of s t r e s s  i s  associated 
completely reversed component of the  s t r e s s  
s t r e s s  i n  t h e  cycle. 

The blocks which support the pin tha t  fas tens  the  lower end of t h e  re-  
lease cylinders t o  t h e  launcher end frame a r e  welded d i r e c t l y  t o  tubular  
members of t h e  end frame and indi rec t ly  t o  two 1-inch-thick plates ,  which 
a r e  welded t o  tubular  members of the frame. These so-called i n d i r e c t  welds 
a r e  highly s t ressed,  Some yielding occurred i n  them. No cracking occurred, 
however, during any p a r t  of t h i s  t e s t .  The so-called d i r e c t  welds are, fqr 
t h e  most part ,  inaccessible  or hidden. 
t es t  were unknown. The design calculat ions s ize  t h e  d i r e c t  welds t o  take 
the  e n t i r e  load, neglecting the  presence of the  i n d i r e c t  welds. To modify 
t h i s  d e t a i l  would be d i f f i c u l t  as w e l l  as expensive. The s t a t i c  s t a b i l i t y  
of the vehicle depends al together  on the i n t e g r i t y  of t h i s  d e t a i l .  As long 
as operating conditions and l imi ta t ions  remain as they a r e  a t  t h i s  date, 
there  i s  no need f o r  any redesign or  major modification; however, it i s  i m -  
por tant  t o  be aware of t h e  p o t e n t i a l  hazard and t o  have a v i g i l a n t  inspec- 
t i o n  a t t i t u d e  toward these welds. It i s  recommended t h a t  a l l  exposed welds 
on these blocks be ground and polished t o  provide a surface on which t h e  
dye-penetrant t e s t  w i l l  have more sens i t iv i ty ,  thereby enabling detect ion of 
a crack ear ly  i n  i t s  or igin,  
but should be covered with a rubber tape o r  glue t h a t  can be s t r ipped  off  a t  
any time, There i s  no necessi ty  f o r  any other  precaution a t  t h i s  time i f  it 
i s  assumed t h a t  t h e  launcher i s  proof t e s t e d  with a reasonable size load, 
and t h a t  dye-penetrant inspections are conducted before and a f t e r  each t h i r d  
launch. Bet ter  knowledge of t h e  highly s t ressed  welds has been obtainea, 
and, therefore,  these welds should be redefined before any subsequent dye- 
penetrant t e s t s  a r e  performed. 

Their s t r e s s  conditions f o r  t h i s  

These polished surfaces should never be painted, 

CONCLUDING REMARKS 

As a r e s u l t  of the  load t e s t s  made on a research and development Atlas 
launcher, the  following cuxiClnslCzS  ere drawn: 

1. The cracks t h a t  were known t o  e x i s t  before loads were applied d i d  
not grow a detectable  amount because of t h e  s t a t i c  or cycl ic  load appl icat ions,  

2. High s t r e s s e s  occurred i n  the s t r u c t u r a l  frame only i n  loca l ized  load 
t r a n s i t i o n  areas. 

3. The subject of repair ,  including rework of cracked welds and launcher 
modification t o  increase load capabili ty,  w a s  given a t t e n t i o n  during t h e  time 
i n t e r v a l  of these t e s t s .  
pair ,  consis tent  with requirements, would be reasonable. 

It has been determined t h a t  various degrees of re -  
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APPENDIX 

SURFACE FORMING TECHNIQUES 

The following procedure i s  used t o  apply t h e  photoe las t ic  coating 
t o  

(1) Liquid p l a s t i c  (type PL-1) i s  mixed with a hardener and cas t  
onto a leveled f la t  p l a t e  coated with a r e l eas ing  agent. A 10 by 10 
by 0.10 inch s i l i cone  rubber frame limits the  f la t  area t o  be f i l l e d  
with l i q u i d  and determines the  s ize  and thickness  of t h e  sheet obtained. 

( 2 )  After 2 1 / 2  hours, when t h e  p l a s t i c  is  i n  a semi-polymerized 
s t a t e  (rubbery),  t h e  p l a s t i c  sheet i s  l i f t e d  from t h e  p l a t e  and molded 
t o  t h e  shape of t h e  area t o  be coated. 

(3) After t h e  various sheets  have been cured, t hey  are individual ly  
l i f t e d  f’rom t h e i r  respect ive a reas ,  cleaned, and a bonding cement is  
appl ied t o  t h e  contact surfaces.  The sheets  are then  ca re fu l ly  and f i rmly  
placed back onto t h e i r  respect ive areas t o  s e t ,  which takes  about 1 2  hours 
a t  ambient temperature. 
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TABU 11. - LQAD CYCm FOR 50 &TERNATE LOADINGS 

Photoelast ic  coating 
viewed i n  polarized l i g h t  

Dye penetrant i n  accord 
with MIL-1-6866 

I Load, a kips  I 

F i r s t  

I 
~~~~~ ~ ~ ~ ~ 

64 up 196 down I 70 up 214 down 

Second 

I Check agent I 

192 up 160 down 232 up 186 down 232 down 266 up Moment 
-’ ( i n .  ) ( k i p s )  

TABU 111. - REDUCED STRAIN-GAGE DATA RESULTING FROM 

3*45 
13.97 c 

16.5 t 
22.7 c 

STATIC LOADS ON HOLDDOWN PIN 

} 350 

) 736 
4 

Load, a k ips  IComputed (266-kip load)  

8*4 
5.85 c ) 268 27 t 

6.15 t 
1.05 t 

.9 c 
1.35 c 

1-05 c 
5.1 c 

6.3 t 
8.25 c 

1.2 c 
1.05 c 

2.7 t 
1.95 c 
L 

10.2 c 
2.4 c 

1.35 t 
2.4 t 

1.65 t 
7.5 t 

9.0 c 
13.2 t 

1.5 t 
2.4 t 

4.65 c 
3.3 t . 

Stress,  ksi  

12.75 t 
3.6 t 

2.25 c 
3.3 c 

3.0 c 
12.3 c 

15.3 t 
19.8 c 

2.25 c 
2.7 c 

7.5 t 
4.95 c 

12.3 c 
2.7 c 

1.8 t 
2.7 t 

2.4 t 
9.3 t 

11.25 c 
16.35 t 

2.4 t 
2.4 t 

5.7 c 
3.45 t 

14.10 c 
3.0 c 

2.1 t 
3.6 t 

3.0 t 
11.7 t 

12.9 c 
20.2 t 

2.84 t 
3.75 t 

6.45 c 
5.4 t 

17*7 1) 454 4.05 t 

Direct 
load, 
k ips  

331 t 

65 c 

266 c 

66 c 

Section propert ies  
4.8 c unknown 

Load appl ied t o  t h e  main holddown release pin. a 

bTensile s t r e s s  indicated by t; compressive s t r e s s  indicated by c. 
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TABLE IT. - PRINCIPfU STRAINS OBTAINED 
FROM 128-KIP STATIC LOAD ON 

STABILIZING PIN 

Difference of p r inc ipa l  s t r a i n s ,  
cy - cT7, pin./in. 

~ ~ 

-2050 

-1840 

-1730 

- 760 

1940 

1900 



a, 
k 
7 
M 



Figure 2. - Inside v i e w  of trunnion support mea i n  quadrants I and IV showing 
s t r a i n  gages 7, 9, and 11. 
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Figure 4. - Outside view of diagonal bracing m e m b e r s  of horizontal  frame j o i n t  
i n  quadrant I showing s t r a i n  gages 2 and 4. 



. 

Figure 5. - Inside view of diagonal bracing members of horizontal  frame joint 
i n  quadrant I showing s t r a i n  gages 1 and 3. 



Figure 6. - Inside v i e w  of corner post  hor izonta l  frame j o i n t  i n  quadrant I 
showing s t r a in  gage 5. . 
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Figure 7. - Cylinder main release pin engagement. 



Figure 8. - T e s t  f i x tu re .  



C - 66 -348 

Figure 9. - Arrangement f o r  measuring ve r t i ca l  
deflection. 



,// 
,’ 

/ 

b - l l V L 3  *.* -- 
L . *-e*** -%% 

* .3L, 

Figure 10. - Setup fo r  balance longeron frame test. 
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n 

59 
75 
77 
71 
75 
85 

Poin t  c ~ 

7111 
811 
911 

llIII 
12111 

a10 
5111 

s t rength ,  

a h c a t i o n  unknown. 

J l t i m a t e  t e n s i l e  
s t rength ,  

ks i 
Ftu, 

69 
74 
77 
78 
92 
62 

M 

Figure 1 2 .  - Point  nomenclature example: 311 i s  poin t  3 loca ted  i n  quadrant 11. (Points  1 
t o  6 a r e  i n  weld mater ia l ,  whereas poin ts  7 t o  1 2  are i n  base meta l . )  
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Load on main Fiber s tress ,  
holddovn re-  k s i  - l ease  pin 

. 

w 

( a )  Gages 1 and 2 .  

( b )  Gagcs 3 and 4.  

: d )  Gages 7 and 8. 

( e )  Gages 9 and 10. 

8 

4 

I l l  
2i'V 2 2 0 2 40 26x1 ?80 160 18 0 

Lead, kips 

( c )  Cages 5 and 6 .  f' Gages 11 and 12. 

Figure 13. - Reduced strain-gage data resulting from s t a t i c  laads on holddown pin  see table 1111. 









w 


